Background:
Groundwater contaminated with explosive compounds represents one of the most challenging environmental problems for the Department of Defense (DoD). Explosive compounds of concern include 2,4-dinitrotoluene (2,4-DNT), 2,6-dinitrotoluene (2,6-DNT), trinitrotoluene (TNT), royal demolition explosive (RDX), and high melting explosive (HMX). Under favorable conditions, many of these nitrated compounds react rapidly with zero-valent iron, which suggests that permeable reactive barriers containing zero-valent iron (FePRBs) might be useful in the remediation of groundwater contaminated with explosives. Unfortunately, reduction of the nitrated compounds by iron metal produces aromatic amines as the primary products, and these products are still substances of regulatory concern. As a result, full-scale implementation of FePRBs to treat explosive contaminated groundwater has been delayed until effective treatment for the amines could be developed.
Objective:
This project will develop a proof of concept understanding of how TNT within groundwater could potentially be degraded using FePRBs in conjunction with a subsequent treatment process for the amines through a sequence of reactive treatment zones (SRTZ).
Summary of Process/Technology:
The SRTZ consists of (1) an Fe(0) permeable reactive barrier (PRB) to reduce nitro groups to amines, followed by (2) an oxidation cell that immobilizes the amines by oxidative polymerization. Emphasis was placed on optimizing the (permanent) sequestration of nitro aromatic compounds (NAC) by oxidative polymerization and coprecipitation with iron oxides in an open cell. Researchers planned to test a variety of oxidants (air, oxygen, hydrogen peroxide), delivery systems (sparging, direct injection, passive infiltration), and process variables (flow rate, pH, carbonate, iron). Columns were prepared containing various types and quantities of iron metal and then exposed to various solutions of TNT. Design criteria for pilot and full scale SRTZs was developed using column test results and computer modeling.
Benefit:
If successful elimination of the previously observed aromatic amine products following treatment with FePRBs can be further demonstrated through pilot and full-scale testing of the SRTZ, implementation for treatment of TNT contaminated groundwater at DoD sites would be possible.
Accomplishments:
Contrary to previous studies with FePRBs, many of the columns exhibited complete TNT degradation with no reaction products detected in the effluent. A range of follow up studies have been initiated to explain the differences between results of batch and column tests and to reassess the robustness of simple FePRBs for treatment of TNT contaminated groundwater.
It has been found that break-through of TNT and its reduction products only occurs at unrealistically high flow velocities and/or low loadings of iron. Little evidence for TNT or its transformation products has been found thus far by eluting the columns or extracting the iron. Results of this study suggest that full-scale FePRBs (alone) may be an effective remediation tool for TNT and possibly other nitrated compounds. This FY00 funded SEED project transitioned to a core FY01 New Start project (see CU-1232 
